Effects of energy and protein supplementation of endophyte ( Acremonium coenophialum)-infected (E+) and noninfected ( E−) tall fescue ( Festuca arundinacea Schreb.) on forage intake, digestibility, N flow to the small intestine, and cowcalf productivity was evaluated in two experiments. In Exp. 1, 10 ruminally and duodenally cannulated steers were fed either E− or E+ hay with four supplements or E− or E+ hay unsupplemented. Four supplements formulated with either cracked corn or soybean hulls with 100 or 200 g/d of ruminally undegraded intake protein (UIP) were compared. Levels of UIP were varied by adding soybean meal or blood meal. Hay OM intake was not affected ( P > .20) by source of energy or level of UIP; however, intake of E− was greater ( P < .05) than that of E+. True ruminal OM digestion tended to be greater ( P < .12) for steers fed 200 g/d of UIP than for steers fed 100 g/ d. Steers receiving 200 g/d of UIP had increased ( P < .10) total N flow to the duodenum compared with steers receiving 100 g/d but similar ( P > .20) microbial efficiencies. In Exp. 2, 30 cows (average initial BW 459 ± 26 kg) and their calves (average initial BW 74 ± 5 kg and 74 ± 5 d of age) grazed an 8
Introduction
Tall fescue ( Festuca arundinacea Schreb.) is one of the most abundant forages in the United States (Jackson et al., 1984) and is the predominant coolseason perennial forage grown in the southeast (Pendulum et al., 1980) . The many favorable agronomic characteristics of tall fescue encourage its use (Steudemann and Hoveland, 1988) , even though poor performance has been documented for animals grazing this forage (Hoveland et al., 1983; Read and Camp, 1986; Steudemann and Hoveland, 1988) .
Potential ruminal disappearance of N from springgrowth tall fescue averages 81.6%; approximately 50% of the N is lost from the forage by 3 h of ruminal digestion (Daura and Reid, 1991) . With such rapid degradation of N, little dietary protein may reach the small intestine; hence, animals grazing tall fescue may respond to supplementary ruminal undegraded intake protein (Beever and Siddons, 1986) . Therefore, our objectives were to determine the effects of supplementing two levels of undegraded intake protein ( UIP) and two sources of energy on forage intake and N flow to the small intestine of steers consuming low-quality, endophyte-infected tall fescue ( E+) hay and performance of lactating beef cows grazing E+ pasture.
Materials and Methods

Experiment 1
General Procedures. Ten steers (four Holsteins, BW 704 kg) fitted with ruminal and t-type duodenal cannulas were used in a Type III balanced incomplete block (Cochran and Cox, 1957 ) study with three 14-d periods (five steers per treatment). Steers were housed in a temperature-controlled room (24 to 30°C) with continuous lighting, restrained with neck collars, and fed individually. Stanchions were constructed so that feces and urine were collected separately through stainless steel grates and chutes to a room beneath the cattle. Steers were used under protocols approved by the University of Missouri Animal Care and Use Committee. Four supplements (Table 1) , fed with E+ 'Kentucky 31' tall fescue hay, were arranged in a 2 × 2 factorial with two sources of supplemental energy (cracked corn or soybean hulls) and two levels of UIP (100 or 200 g/d). Two other treatments consisted of endophyte-free ( E−) and E+ hay fed without supplementation. Supplements were formulated to provide 2.13 Mcal/d of NE m in addition to that supplied by the forage and to contain similar levels of total CP but to provide different amounts of UIP and ruminally degraded protein ( RDP) . Supplements formulated to provide approximately 100 g/d of UIP contained soybean meal and had a greater percentage of CP as RDP. Supplements formulated to provide 200 g/d of UIP contained blood meal. Supplements were formulated with the assumption that the available forage would not be limiting in RDP to maintain adequate amounts of ruminal ammonia for microbial protein production.
In situ disappearance of DM and CP in supplements was determined using Dacron bags with heat-sealed edges (10 cm × 20 cm, 50-to 70-mm pore size, Ankom, Fairport, NY). Duplicate Dacron bags with 5 g of supplement were incubated in the rumen of two steers maintained on E+ tall fescue/alfalfa hay. Bags were soaked in 39°C water for 10 min before they were placed in the rumen under the ruminal mat. After 16 h of incubation in the rumen, bags were removed and washed in 39°C water to remove particles adhering to the outsides. Bags were rinsed until water running through the bags was clear. Bags were dried at 55°C in a forced-draft oven for 48 h. Residue remaining in the bag was analyzed for DM and CP ( N × 6.25) to determine in situ DM and CP disappearance.
After 16 h of incubation in the rumen, supplements containing soybean hulls had more ( P < .001) DM but a similar percentage of original N remaining in the Dacron bags compared with supplements containing cracked corn. Supplements containing blood meal had more ( P < .001) of the original DM and N ( P < .001) remaining in the bag after incubation than supplements containing soybean meal. From the in situ data, it was calculated that supplements formulated with soybean meal would provide approximately 92 and 78 g/d of UIP for supplements based on cracked corn and soybean hulls, respectively (Table 2) . Supplements formulated with blood meal would provide 156 and 214 g/d of UIP for supplements based on cracked corn and soybean hulls, respectively. The lower amount of UIP estimated for the cracked corn/blood meal supplement may be due to a longer retention of the corn particles in the bag than what may occur in the rumen of the animal, resulting in greater ruminal degradation of N.
Pastures harvested for hay were fertilized with 68 kg of N/ha in mid-March. The chemical composition of E+ and E− tall fescue hay was similar (Table 3) , although the CP content of both was lower than anticipated. Tall fescue was in the late head stage when harvested in mid-May, and the advanced maturity was evident by the high fiber and low CP contents. Forage was chopped to lengths less than 10 cm using a bale chopper. Steers had unlimited access to trace mineral salt (NaCl, 97 to 99%; Zn, .3%; Mn, .2%; Fe, .2%; Cu, .04%; and Co, .002%) and clean water. Steers were offered ad libitum amounts of hay during the experiment with feeding at 0600 and 1800 each day. Hay offered was 105% of the amount consumed the previous day and was offered at equal amounts at each feeding. The entire amount of supplement was given at the 0600 feeding before the steers received hay. The amounts of hay and supplement offered and refused were measured, recorded, and feed refusals discarded before the 0600 feeding. Consumption of tall fescue hay DM was calculated as the average daily consumption during the last 10 d of each period.
Markers. Each steer was dosed daily with a #7 gelatin capsule (Michigan Capsule, Detroit, MI) containing chromium sesquioxide (10 g ) as an external marker to quantify digesta flow to the duodenum and fecal output. The capsule was dosed daily via the ruminal cannula before the 0600 feeding. Ytterbiummarked hay (200 g; Teeter et al., 1984) was dosed via the ruminal cannula at 0 h on d 11 of each period for determination of particulate passage rate from the rumen. Cobalt-EDTA (200 mL; Uden et al., 1980) was dosed via the ruminal cannula at 0 h on d 14 of each period for determination of fluid passage rate from the rumen.
Sample Collection, Preparation, and Analyses. Samples of supplements, hays,and orts were collected daily during the three 4-d collection periods ( d 11 to 14 of each period). During each collection, total fecal output for each steer was weighed and mixed daily in a horizontal ribbon mixer. A 5% aliquot of each daily fecal collection was dried (55°C, 96 h, forced-draft oven) and ground to pass a 2-mm screen. Individual samples of supplements, hays, orts, and feces were composited by animal within period, mixed, and stored in air-tight containers for later analyses. Duodenal digesta samples (100 mL at each sampling) were collected over the 4-d sampling period to represent every 2 h of a 24-h day. Duodenal samples were collected after discarding digesta contained in the barrel of the cannula. Duodenal samples were composited in 2-L plastic containers and stored at −20°C. The duodenal composite was lyophilized ( 5°C; Virtis Model Unitop 800L and Freezemobile 24, Gardiner, NY) and ground to pass a 1-mm screen.
Ruminal contents were collected from the center of the ruminal mat (dorsal to the cranial pillar) following the same schedule as duodenal digesta sampling. Ruminal contents were composited in 2-L plastic jugs, stored at −20°C, and used for isolation of ruminal microbes for determination of microbial protein flow to the duodenum. Ruminal microorganisms were isolated by blending thawed ruminal contents in a Waring blender (New Hartford, CT; 3 min, high speed) to release microbes attached to the feed particles. Blended ruminal contents were strained through eight layers of cheesecloth. The fluid fraction was centrifuged (1,000 × g, 10 min), and the resulting pellet (feed particles) was discarded. Supernatant fluid was recentrifuged (30,000 × g, 30 min) and the resulting supernatant was decanted and the remaining pellet was washed in .9% (wt/vol) saline solution. The washed pellet was recentrifuged (30,000 × g, 30 min), the supernatant was discarded, and the pellet was resuspended in distilled water and lyophilized ( 5°C). Ruminal microorganisms were analyzed for purines (Zinn and Owens, 1986) , DM, OM, and N. The purine:N ratio of isolated ruminal microorganisms from each steer was used in conjunction with the duodenal purine concentration to calculate microbial N flow to the duodenum. Microbial efficiency was expressed as grams of microbial N entering the duodenum per kilogram of OM truly digested in the rumen.
Samples of ruminal fluid for determination of ammonia and Co concentrations were collected at 2, 4, 6, 10, 14, 18, and 24 h after dosing Co-EDTA at the 0600 feeding on d 14 of each period. Ruminal fluid samples were strained through eight layers of cheesecloth, and a 40-mL aliquot of the fluid fraction was acidified with .8 mL of 7.2 N H 2 SO 4 and stored at −20°C until it was analyzed for Co and ammonia.
Ruminal pH was determined with a hand-held pH meter (Model 5941-00, Cole Parmer, Chicago, IL) before the fluid was acidified. Before Co and ammonia analyses, frozen fluid samples were thawed and centrifuged (10,000 × g, 15 min). Cobalt concentration was determined by atomic absorption spectrophotometry with an air-acetylene flame (Hart and Polan, 1984) . Fluid passage rate from the rumen was determined by regressing the natural logarithm of Co concentration on time after dosing. Ruminal ammonia concentration was determined colorimetrically (Broderick and Kang, 1980) .
Rectal grab samples of feces were collected before dosing of the Yb-marked hay ( 0 h ) and at 4, 8, 12, 16, 20, 24, 30, 36, 42, 48, 60, 72, 84 , and 96 h after dosing. Fecal samples used for Yb analysis were dried at 105°C in a forced-draft oven for 48 h and ground to pass a 2-mm screen. Dried fecal samples were analyzed for Yb by atomic absorption spectrophotometry using an air-nitrous oxide flame (Hart and Polan, 1984) . Particulate passage rate from the rumen was determined by regressing the natural logarithm of Yb concentration on time after dosing after peak marker concentration was measured in the feces (Grovum and Williams, 1973) .
Diet, duodenal, and fecal composite samples were analyzed for DM, OM, and CP (AOAC, 1984) and NDF and ADF (Goering and Van Soest, 1970) . Neutral detergent fiber was determined without addition of sodium sulfite or decalin. Chromium concentrations of fecal and duodenal composite samples were measured by atomic absorption spectrophotometry (Varian, Model SpectrAA30, Sugarland, TX) with an air-acetylene flame (Williams et al., 1962) .
Apparent ruminal and total tract digestibilities of nutrients were calculated as the difference between nutrient intake and duodenal flow and fecal excretion of nutrients, respectively. Apparent ruminal OM and N digestibilities were corrected for microbial OM and N flow, respectively, to the duodenum to determine true ruminal OM and N digestibilities.
Statistical Analyses. Because each steer could not receive every treatment, the study was designed and analyzed as a Type III balanced incomplete block using the procedures outlined by Cochran and Cox (1957) . Steer served as the incomplete block with treatment means adjusted for differences among steers. Preplanned comparisons tested included 1 ) E+ vs E− tall fescue hay, 2 ) cracked corn vs soybean hulls as source of energy, 3 ) 100 vs 200 g/d of UIP, 4 ) interaction of source of energy by level of UIP, and 5 ) E+ tall fescue hay vs average of supplemented treatments.
Because several data points were missing in the serially collected ruminal fluid for ammonia and pH, regression procedures were conducted for each steer to predict the missing values. Each hour of ruminal ammonia and pH data collection was analyzed as a separate balanced incomplete block. Degrees of freedom for determining error mean square were decreased for the appropriate number of missing observations.
Data from the in situ study were analyzed using the GLM procedure of SAS (1985) to determine the effect of supplement on the percentage of original DM and N remaining in the bag after incubation. Treatment sums of squares were partitioned into single degree of freedom orthogonal contrast to test 1 ) cracked corn vs soybean hulls as source of energy, 2 ) 100 vs 200 g/d of UIP, and 3 ) interaction of source of energy by level of UIP.
Experiment 2
General Procedures. A 57-d grazing trial was conducted at the University of Missouri South Farm near Columbia beginning the last week of May 1991. Thirty lactating, spring-calving beef cows (average BW 459 ± 26 kg) and their calves (average initial BW 98 ± 5 kg; average 74 ± 5 d of age) grazing E+ 'Kentucky 31' tall fescue were allotted to five treatments (four supplements and an unsupplemented control). Dams of three male and three female calves were allotted to each treatment. Supplement composition and amounts fed were the same as in Exp. 1. All cow-calf pairs grazed one 8.1-ha E+ tall fescue pasture from late May until late July. Supplements were fed individually at 0600 each day. Cows and calves were gathered each morning into a corral and calves were separated from cows before supplements were fed. All cows were placed into feeding stanchions and remained there until supplement was consumed (approximately 20 min). Initial and final BW were the average of weights taken 48 h apart.
Forage Intake Determination. Forage intake by cows in mid-July was calculated from estimates of in vitro OM digestibilities ( IVOMD) of supplements and esophageal extrusa obtained from the grazed pasture and fecal output using chromic oxide as an external marker (Peters et al., 1992) . Chromic oxide was provided by feeding 50 g/d of an 80% corn gluten feed: 20% chromic oxide pellet (provided 10 g/d of Cr 2 O 3 ) beginning 7 d before and throughout the 4-d fecal collection period. Feces were collected when supplements were fed during the morning and again at approximately 1900. Fecal samples were dried and ground as in Exp. 1. Feces and corn gluten feed:Cr 2 O 3 pellets were analyzed for Cr content by atomic absorption spectrophotometry with an air-acetylene flame (Williams et al., 1962) .
Fecal output by calves was measured by placing collection bags on male calves from each treatment. Feces were collected for 5 d; the collection from the 1st d was discarded. Feces were removed from collection bags each day at 0700, weighed, mixed, subsampled (450 g wet), and dried (55°C; forced-draft oven). Milk consumption by all calves was estimated before the fecal collection period for calves using a weigh-suckleweigh procedure (Corah et al., 1975) after an 11-h separation from cows. Fecal OM due to forage was estimated by subtracting OM output in the feces resulting from milk from the estimate of total fecal OM output. Milk OM digestibility was assumed to equal 96.9% of DM (Blaxter and Wood, 1952) . Forage intake was calculated using the estimates of forage OM in the feces and IVOMD estimates of the grazed pasture.
Forage availability was determined in late June and mid-July by harvesting six .56-m × 4.88-m swaths with a rotary mower at a height of 2.5 cm. Clipped samples were weighed, composited, subsampled (2,000 g wet), and dried (55°C; forced-draft oven). Dried composite samples were later analyzed for DM, and it was determined that the pasture contained 2,787 and 3,841 kg of DM/ha during late June and mid-July, respectively. Two esophageally fistulated cows were used to sample the pasture at the time of fecal output determination. Esophageally cannulated cows were used under the guidance of a protocol approved by the University of Missouri Animal Care and Use Committee. Before sampling, cannulated cows were removed from feed for 12 h and were allowed to graze the pasture for approximately 1 h. Masticate samples were composited across cows, frozen at −15°C, lyophilized, and ground to pass a 1-mm screen. Masticate samples were analyzed for DM, OM, N, NDF, ADF, and ADIN and used to determine forage IVOMD by the procedure of Tilley and Terry (1963) as modified by Moore (1970) . Ruminal inoculum for the procedure was obtained from a ruminally fistulated steer fed E+ tall fescue hay supplemented with 2 kg of soybean hulls each day. Determinations of ergovaline concentration were made on the masticate samples using the procedure described by Rottinghaus and Garner (1989) . Ergovaline has been implicated as the causative agent of fescue toxicosis (Hannah et al., 1990) .
Statistical Analyses.
A covariate analysis of variance was conducted using the GLM procedure of SAS (1985) to test the effect of treatment on the dependent variables cow and calf BW change and milk consumption. Initial BW was used as the covariate for BW change, and days in milk was used as the covariate for milk consumption. Forage and total OM intake were analyzed using a one-way analysis of variance. Preplanned orthogonal comparisons tested included 1 ) cracked corn vs soybean hulls, 2 ) 100 vs 200 g/d of UIP, 3 ) interaction of source of energy × level of UIP, and 4 ) E+ vs average of supplement treatments. Data from one cow-calf pair were deleted because the cow would not consume her supplement (cracked corn/blood meal); therefore, least squares means are reported.
Results and Discussion
Experiment 1
Source of energy and level of UIP did not interact ( P > .20) for any measurement tested. Intake of OM by steers consuming E+ hay was decreased ( P < .05) compared with that of steers consuming E− hay (Table 4) . Several research groups have demonstrated that elevated environmental temperature was needed to produce a reduction in intake of E+ tall fescue (Hemken et al., 1981; Hannah et al., 1990 ). In our study, environmental temperature was maintained in the thermoneutral zone, so other factors may be responsible for the decrease in intake compared to that of E− tall fescue. Source of energy or level of UIP did not affect ( P > .20) hay or total OM intake of steers consuming E+ tall fescue hay. Total OM intake was increased ( P < .01) in steers receiving supplements compared with E+ tall fescue hay alone and was similar to intake of E− tall fescue hay. Intake of NDF (hay and total) was similar ( P > .20) among dietary treatments. Consumption of E+ tall fescue supplemented with 200 g/d of UIP tended ( P < .10) to result in greater intake of N than consumption of E+ tall fescue supplemented with 100 g/d of UIP. Intake of N was increased ( P < .01) in steers consuming E− vs E+, due to the greater intake of OM for E−. Steers receiving soybean hulls had greater ( P < .11) N intakes than steers receiving cracked corn. Ruminal fluid passage rate and particulate passage rate were not influenced ( P > .15) by dietary treatment, averaging 7.5 and 2.2%/h, respectively (Table 4) . Ruminal pH was maintained between 6.3 and 6.8 at all times for all treatments and was not influenced by forage type, source of energy, or level of UIP (averaged 6.61 ± .13). Ruminal pH did not decrease to levels that may have been detrimental to fiber digestion (Ørskov, 1982; Hoover, 1986) . True ruminal OM digestibility (corrected for microbial OM flow) was similar ( P > .20) for steers consuming E+ and those consuming E− tall fescue hay (Table 4) . Supplementation of steers consuming E+ tall fescue did not influence true ruminal OM digestibility. However, there was a tendency ( P < .12) for steers that received 200 g/d of UIP to have increased true ruminal OM digestion compared with steers that received 100 g/d. Steers fed supplements with cracked corn or soybean hulls had similar true ruminal OM digestibilities, which agrees with the data of Highfill et al. (1987) . These researchers reported similar true ruminal OM digestion in steers fed low-quality fescue hay with soybean hulls or fescue hay with corn and soybean meal. Total tract OM digestibility was improved ( P < .06) in steers receiving supplements compared with those fed E+ alone. Steers receiving soybean hull-based supplements and steers receiving cracked corn-based supplements had similar total tract OM digestion. Previous reports (Sudweeks, 1977; Martin and Hibberd, 1990; Grigsby et al., 1993) have suggested that corn-based supplements result in a lower total tract dietary OM digestion compared to soybean hull-based supplements. Ruminal NDF digestion tended ( P < .12) to increase in steers consuming E+ compared to E− tall fescue hay (62.6 vs 56.9%). This increase in NDF digestibility while consuming E+ may be due to the decrease in forage intake. Neutral detergent fiber digestion in the rumen was not affected ( P > .15) by source of energy or level of UIP. The amount of supplemental corn fed in this study was below the level demonstrated to alter forage utilization (> 2 g/kg of BW) as reported by several research groups (Pordomingo et al., 1991; Grigsby et al., 1993) . Ruminal N digestion (corrected for microbial N flow) was similar ( P > .15) among treatments.
Source of energy and level of UIP supplementation influenced ruminal ammonia concentrations at certain hours after supplementation (Figure 1 ). Four hours after supplementation, steers supplemented with cracked corn had lower ( P < .09) ruminal ammonia concentrations than steers supplemented with soybean hulls (3.0 vs 3.9 mM) . The major effects of UIP supplementation on ruminal ammonia concentrations were measured 10, 14, and 18 h after supplementation. During these times steers fed 100 g/d of UIP had greater ( P < .08) ruminal ammonia concentrations than steers fed 200 g/d of UIP. Two and 18 h after supplementation, steers fed E+ alone had lower ( P < .05) ruminal ammonia concentrations than steers receiving supplement, probably due to reduced OM intake of steers fed E+ compared with the other treatments. Cecava et al. (1991) reported that supplements containing soybean meal resulted in Table 5 . Effects of supplemental energy source and level of ruminally undegraded intake protein on N flow to duodenum and microbial efficiency in steers fed tall fescue hay (Exp. 1) more ammonia production in the rumen than did supplementation with corn gluten meal and blood meal. Ruminal ammonia concentrations of 1.2 to 2.9 mM have been reported to be adequate for microbial growth (Satter and Slyter, 1974; Schafer et al., 1980) . In our study, mean ruminal ammonia concentrations never fell below 1.2 mM.
Total N flow to the small intestine was greater ( P < .10) for steers consuming E− than for steers consuming E+ tall fescue (Table 5 ). This increase was probably due to the greater intake of E− tall fescue hay than of E+ hay. Source of energy did not influence ( P > .20) total N flow to the small intestine; however, steers fed supplements providing 200 g/d UIP had greater ( P < .10) total duodenal N flows than steers fed supplements providing 100 g/d. Microbial and nonmicrobial N fractions flowing to the small intestine were not influenced by source of energy or level of UIP, although supplementation increased ( P < .01) flows compared with E+ only. The increase in microbial protein in steers receiving supplement compared with steers receiving E+ hay alone may be attributed to an increase in digestible OM, therefore more energy available for the microbes, supplied by the supplement. The level of UIP did not affect microbial protein flow, so RDP was not limiting. Weller (1958) estimated that microbial N can contribute 55 to 85% of N flow to the duodenum. In the present study, microbial N contributed 72% for the hay-only treatments and 69.8% for the supplemented treatments. In contrast to the present data, reported that microbial N flow to the duodenum increased with soybean hull supplementation of a bromegrass hay diet. Microbial efficiency ( MOEFF) was not affected by source of energy or level of UIP. Steers receiving supplement had greater ( P < .03) MOEFF than steers fed E+ tall fescue alone. The lower MOEFF for steers consuming unsupplemented E+ tall fescue may be due to the lower OM and N intake compared with steers receiving supplement.
Experiment 2
Chemical composition of the E+ tall fescue pasture during the fecal collection period is presented in Table  6 . Forage biomass was estimated to be greater than 3,800 kg of DM/ha and should not have limited intake. Ergovaline content of the E+ tall fescue pasture was determined to be 98 ppb on June 26, 1991, and 64 ppb on July 12, 1991. These levels are lower than those reported by Peters et al. (1992) , who found that E+ tall fescue pasture contained 330 and 154 ppb of ergovaline in June and August of 1988, respectively. An interaction between source of energy and level of UIP was detected ( P = .02) for cow weight change and (Table 7) . Calves nursing cows supplemented with cracked corn or soybean hulls had similar ( P > .20) weight gains (average 35 kg) during the trial. Cows fed 100 g/d of UIP produced calves that gained more weight ( P < .08) than cows fed 200 g/d of UIP. Calves that nursed cows fed supplement consumed more milk ( P < .06) than calves that nursed unsupplemented cows. Milk consumption by calves that nursed cows supplemented with 100 g/d UIP was greater ( P < .07) than milk intake by calves nursing cows supplemented with 200 g/d of UIP. There was no difference ( P > .20) in milk consumption as a result of source of supplemental energy. The increased weight gain by calves on the lower level of UIP corresponds to the greater milk consumption by calves nursing dams on this treatment.
Consumption of forage OM and total OM (supplement plus forage) by cows did not differ ( P > .20) among treatments (Table 8) . Forage intake by calves nursing cows receiving supplement tended to be less ( P < .11) than intake by calves nursing unsupplemented cows. There was a trend ( P < .19) for calves that nursed cows fed 100 g/d of UIP to consume more forage OM than calves nursing cows fed 200 g/d of UIP. Although these calves seemed to consume more forage, they also consumed a greater amount of milk, which resulted in a greater ( P < .09) total OM intake. Source of energy fed to the cow did not have an effect ( P > .20) on forage or total OM intake by calves.
Efficient use of supplement is one goal of a supplementation program. Calves nursing cows offered 100 g/d of UIP had the greatest increase in weight over the unsupplemented control, which resulted in an increase of .11 and .10 kg/d of gain for each kilogram of corn-or soybean hull-based supplement fed, respectively. This increase in gain seemed to result from an increase in consumption of milk and forage by calves on these treatments compared with calves nursing cows receiving 200 g/d of UIP. With the increase in milk production, cows fed these supplements either lost or maintained BW throughout the experiment. The greater amount of RDP supplied by supplements containing 100 g/d of UIP seemed to be necessary to increase milk production over the supplements providing 200 g/d of UIP. Providing cows with 200 g/d of UIP with cracked corn did not increase calf gains over the control, but it increased cow BW gain. Cows fed this supplement partitioned the nutrients to increase BW instead of an increase in milk production. Grigsby et al. (1993) reported that steers consuming a bromegrass hay diet increased microbial protein flow to the small intestine when a small amount (.2% of BW) of cracked corn was included with a soybean hull-based supplement. In the present trial, the increased BW gain of cows supplemented with cracked corn and 200 g/d of UIP may have increased total N flow to the duodenum due to increased microbial synthesis from the starch and the additional UIP compared to cows supplemented with soybean hulls. Our data agree with those reported by Hunter and Magner (1988) , in which cows fed 300 g/d of formaldehyde-treated casein partitioned nutrients toward maternal BW gain and not to increased milk production in early lactation. Blasi et al. (1991) reported that lactating beef cows grazing smooth brome pasture during spring and summer produced more milk and gained less weight when fed 230 g/d of escape protein than when fed either 110 or 340 g/d. These researchers used a blend of blood meal and corn gluten meal and may have increased the supply of nutrients that were limiting milk production. Daura and Reid (1991) reported a marginal response to supplementary UIP vs RDP in lambs as measured by intake or ADG. These authors speculated the response may have been limited by the low growth rates caused by grazing E+ tall fescue pastures.
Implications
Intake and ruminal digestion of endophyte-infected tall fescue hay was not influenced by cracked corn-or soybean hull-based supplements containing up to 200 g/d of ruminally undegraded intake protein; however, nitrogen flow to the duodenum may be increased due to an increase in microbial protein synthesis. Multiparous beef cows fed supplements containing a greater proportion of ruminally degraded protein had increased milk production that resulted in faster gains by their calves than did cows receiving a greater proportion of ruminally undegraded protein. Supplements that contain cracked corn and blood meal to supply approximately 200 g/d of ruminally undegraded protein can be used by lactating cows grazing endophyte-infected tall fescue to increase body weight gain.
